Material and Methods: Hemostatic therapy of multiple traumatized patients (n=62) was performed prospectively by using the ROTEM®-method and compared to a retrospectively analyzed cohort (n=109), who was treated according to conventional blood-analyses. Patients were characterized by age, body mass index (BMI), trauma injury severity scores (ISS), and Glascow Coma Scale (GCS). Evaluated parameters included the quantity of transfused blood-and coagulation-products (packed red blood cells (pRBCs), platelets (PLTs), fresh-frozen plasma (FFPs), fibrinogen (Fb), PPSB, antithrombin-III (AT-III), and tranexamic acid (TXA). In-hospital outcome was determined by presence of ARDS and multiple organ dysfunction syndrome (MODS). Logistic regression analysis was performed to identify independent influencing factors towards mortality.
INTRODUCTION
Trauma is known as the leading cause of death in young patients aged 5 to 44 years [1] . Despite several improvements in the treatment of traumatized patients during the last decades, uncontrolled hemorrhage remains the primary reason for mortality within the first 48 hours after hospital admission [2] . In this respect, 40% of all traumatized patients have been shown to develop a so-called trauma induced coagulopathy (TIC) resulting in uncontrollable non-surgical bleeding [3, 4] . Early traumainduced coagulopathy is associated with the requirement of massive blood transfusion, prolonged intensive care treatment, and a fourfold increase of mortality [4] . Furthermore, it has been demonstrated that TIC and its associated requirement of transfusion increased the incidence of the systemic inflammatory response syndrome (SIRS), sepsis and multiple organ dysfunction syndrome (MODS) [5, 6] . Consequently, it seems to be vital to detect and treat TIC in traumatized patients at an early stage to avoid hemorrhage, hemorrhagic shock, and to reduce the administration of blood products decreasing in-hospital complications and mortality. Clinical observations and scientific findings still recommend a hemostatic management during the early in-hospital resuscitation including the administration of a large number of blood products [7, 8] . Several studies have shown a reduced mortality when pRBCs and FFPs were administered in a 1:1 ratio [9, 10] . However, due to its significant influence towards complications, e.g. transfusion related acute lung injury (TRALI), transfusion associated circulatory overload (TACO) [11] [12] [13] , and increase of nosocomial infections [14, 15] the administration of FFPs is still discussed controversially. In this context, a point-of-care diagnostic like viscoelastic analyses of clot formation might reduce the transfusion of allogeneic blood products and thus, may influence the clinical outcome considerably. Over the last years, viscoelastic methods such as thromboelastometry and thrombelastography (ROTEM®/ TEG®) were increasingly used for early detection of TIC and consequently hemostatic treatment [16, 17] . Compared to conventional plasma-based coagulation tests like measurements of prothrombin time (PT/INR), activated partial thrombin time (aPTT) or single coagulation factor assays, ROTEM® measures the viscoelastic properties of the clot and provides information on the speed of coagulation initiation, kinetics of clot growth, clot strength and breakdown [18] . In brief summary, ROTEM® might allow for an early and more target-aimed treatment with the administration of specific hemostatic agents, blood products and coagulation factor concentrates [19, 20] .
Therefore, the intention of our present study was to evaluate the impact of a ROTEM®-guided coagulation management in trauma patients on the ICU towards a daily used transfusion resuscitation and outcome in multiple traumatized patients. [21] . In order to detect patients with severe traumatic brain injuries we evaluated the initial Glasgow Coma Scale (GCS) [22] .
ROTEM® Based Management
Blood samples were taken from all included patients immediately after admission to the emergency room. Sample size for one testing comprised 3 ml citrated whole blood (collected in Sarstedt® containers, Sarstedt AG&Co, Nümbrecht, Germany Furthermore, all these tests were repeatedly performed on a daily basis and the resulting coagulation treatment on the intensive care unit (ICU) was kept equally to the algorithm used before. All patients were observed over a period of ten days following admission.
Dosing of all drugs was calculated according to the algorithm, but fibrinogen was administered according to the dosing plan displayed in table 1.
In-Hospital Complications and Outcome
MODS was defined according to Marshall et al. [23] . As previously described manifest MODS was considered if the score was greater than 12 points on two consecutive days or at least three days during a 14-day observation period [23, 24] .
The presence of an ARDS was assumed according the recommendations of the "The American-European Consensus Conference on ARDS" [25, 26] . The primary outcome parameter was defined as mortality during the observational period.
Hemostatic Management
In order to determine the quantity of transfused blood products [packed red blood cells (pRBCs), fresh frozen plasma (FFPs), and platelets (PLTs)] all these products administered during the first ten days of ICU treatment were documented. More and above, the application of fibrinogen (Fb -Haemocompletan®, CSL Behring, Hattersheim, Germany), prothrombin complex concentrates (PCC -Beriplex®, CSL Behring, Hattersheim, Germany) antithrombin-III (AT-III -Kybernin®, CSL Behring, Hattersheim, Germany) and tranexamic acid (TXA -Cyclokapron®, Pfizer Pharma GmbH, Berlin, Germany) was captured and the results of all clinical examinations and blood chemistry analyses were recorded.
Ethics
This study was exclusively performed at Hannover Medical School, Hannover, Germany. It was conducted according the guidelines of the revised UN declaration of Helsinki in 1975 and its latest amendment in 2005 and has been approved by the local Ethics Committee.
Statistics
All data were analyzed using the Statistical Package for the Social Sciences (SPSS; version 22; IBM Inc., Somers, NY, USA). Incidences are presented with counts and percentages while continuous values are presented as mean ± standard deviation (SD). Differences between groups were evaluated by the univariate analysis of variances (ANOVA) for continuous data, while Pearson's χ2-test was used for categorical values. In order to reveal the impact of ROTEM® on outcome, a multivariate logistic regression analysis was performed with mortality as a target variable and age, gender, BMI, injury severity (ISS), initial GCS, pRBCs, FFPs, PLTs, Fb, PPSB, AT-III, and TXA as potential predictors. Odds ratios with 95% confidence intervals (95%-CI) were noted. A two-sided p-value < 0.05 was considered to be significant.
RESULTS
According to the study protocol a total of 171 adult multiple traumatized patients were included in this study. Out of these 62 patients were treated according to the point-of-care ROTEM® management and thus, were evaluated prospectively, while 109 patients represented the retrospective cohort and were managed on basis of conventional blood analyses. The average age of all patients was 43.6 ± 19.9 years. Gender distribution revealed 72.5% (n=124) male patients. Overall mortality was 18.7% (n=32).
Demographics, Injury Severity and Transfusion Management
Statistical analyses regarding age, BMI, ISS, and initial GCS revealed no significant differences between study groups (table 2) . However, patients treated according to ROTEM® received less frequently pRBCs, FFPs, and PLTs during the observational period whereas the overall amount of administered blood products was comparable (table 2) . Furthermore, the administration of TXA and Fb was increased compared to the retrospectively evaluated study group while PPSB and AT-III did not differ between groups (table 3) 
Table2. Demographics, injury severity scores and transfusion requirement of both groups (ROTEM vs. retrospective cohort). Abbreviations are: BMI -body mass index; GCS -Glascow coma scale; AISabbreviated injury score; ISS -injury

Clinical Course and Outcome
Regarding the clinical course and -outcome, patients treated by ROTEM® developed less 
Potential Impact of ROTEM® Towards Outcome
According to a stepwise logistic regression analysis the application of TXA was identified to be the most important predictor of survival (OR 0.446, p=0.041) followed by application of Fb (OR 0.915, p=0.021) (table 4) . Age, injury severity, and the administration of platelets were found as potential predictors towards mortality whereas all other included potential predictors could be excluded during the stepwise regression analysis. 
Table4. Data refer to mortality analyzing age, gender, body mass index (BMI), injury severity (ISS), initial Glascow coma scale (GCS), packed red blood cell (pRBCs), fresh frozen plasma (FFPs), platelet concentrates (PLTs), fibrinogen concentrate (Fb), prothrombin complex concentrates (PCC), antithrombin III (AT-III), and tranexamic acid (TXA) as potential predictors
DISCUSSION
In 1948 Hartert developed a viscoelastic test method to analyse blood clots as a final product of the coagulation cascade [27] . Today, this original technique is still used in form of thrombelastography devices (TEG®, Haemonatics, Braintree, MA, USA). The ROTEM® technique applied in our present study also bases on Hartert`s test method but uses activated tests and a more robust setting [28] . Here, in contrast to regular laboratory coagulation tests ROTEM® provides more precious information on the clot itself and its formation dynamics.
The efficacy of ROTEM® based coagulation treatment in different clinical settings has been shown in several recently published manuscripts already. However, while in other clinical settings, e.g. cardiac surgical patients some prospective trials on the use of point-of-care devices such as ROTEM® for the coagulation management have been published [29, 30] , studies in the special setting of trauma patients are exclusively of retrospective nature [18, 20, 31, 32] . Thus, prospective data on these patients are still missing. One reason might be the fact that the treatment of trauma patients can not be scheduled and patients, trauma patterns, and physician teams may profoundly differ leading to inhomogeneous patient/study groups and difficulties in performing prospective trials under standardized conditions. Therefore, we decided for an at least partial prospective study design, performed exclusively on our ICU. Here it was possible to use well defined infrastructural conditions, i.e. a well educated staff and standardized treatment algorithms directly after changing and establishing the general coagulation management for all trauma patients towards point of care-based methods.
It has been shown retrospectively that the introduction of near patient methods for coagulation testing and goal directed management may lead to a reduction of the transfusion of allogenic blood products [20] . In our present study we could approve these findings for that the prospectively analysed patient group necessitated significantly less blood products. Furthermore we notified a significant reduction in the development of ARDS, which may be causally linked to a reduced transfusion of fresh frozen plasma in these patients. This is an interesting and at least potentially essential observation for that the transfusion of FFP has also been shown to be responsible for the development of TRALI [33] [34] [35] . More and above, the reduction of FFP administration itself may also be responsible for the reduction of pRBC transfusion as observed in our present study and has also been shown in a prospective cohort study by Innerhofer and coworkers [36] . Mechanistically they claimed that a reduced dilution of haemoglobin by FFP may be responsible for the reduction of transfusion necessity.
Interestingly, the ROTEM® managed group necessitated significantly more TXA and Fb than the conventional managed control group. However, this is in line with data identified in the CRASH2 study which reported on a major survival benefit of the early use of TXA and which in turn is regarded as standard since then. And indeed, we were also able to identify the application of TXA as an independent predictor for survival. More and above, Fb also revealed significant benefit and thus, seem to represent a second essential predictor for survival. The efficacy of the application of coagulation factor concentrates according to a similar algorithm to that used in our current study has also been described in a retrospective study conducted by Schöchl and coworkers [18] . However, they compared the efficacy of coagulation factor concentrate application to predictive score models (trauma injury severity score (TRISS) and the revised injury severity classification (RISC)).
Our data support these earlier findings in terms of Fb application.
LIMITATIONS
In our present study we evaluated prospectively collected data of severely traumatized patients and compared these data to a retrospective patient group who was treated before changing our coagulation management towards an early goal directed and ROTEM® based treatment. Thus, the resulting evidence of our data is not as accurate as such provided by a prospective and randomized trial. However, until now and due to the above mentioned reasons those trials are not and probably will not be available for trauma patients in the near future so that our approach may still represent the most accurate way possible in this patients group. It lays in the nature of trauma patients that they never arrive foreseeable in the emergency room but based on our study design it may be possible to further elevate data accuracy by transferring and applying our study design to a multicenter study cohort in the near future.
CONCLUSIONS
ROTEM®-guided hemostatic management led to a reduced transfusion of blood products in multiple traumatized patients and resulted in a highly significant decrease of ARDS. More and above, the calculated administration of TXA according to the used algorithm seems to have strong impact on the incidence of mortality. Thus, although additional studies are mandatory to further elucidate the clinical value in the daily routine, our current results strongly indicate a decisive diagnostic and hence outcome impact of the method.
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